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ABSTRACT
NGC 4258 is an SABbc Seyfert galaxy, located at a distance of 7.2±0.3 Mpc. This
object is well known by its nearly edge-on molecular nuclear disc, located between 0.16
and 0.28 pc from the nucleus, whose H2O maser emission allows a very precise mea-
surement of the central supermassive black hole mass (M•(maser) = 3.78±0.01×10
7
M⊙). We analyse the emission line properties and the stellar kinematics in a data cube
of the central region of NGC 4258, obtained, in the K band, with the Near-Infrared
Integral Field Spectrograph, at the Gemini-north telescope. The nuclear spectrum,
after the starlight subtraction, shows only the H2λ2.1218 µm and Brγ emission lines,
the latter having a broad component with FWHMBrγ(broad) = 1600 ± 29 km s
−1.
The spatial morphology and kinematics of the H2λ2.1218 µm line are consistent with
a rotating molecular disc around the supermassive black hole, with an upper limit for
its diameter of 15.7 pc. The inner radio jet in this object is, in projection, almost per-
pendicular to the H2 emitting disc detected in this work, and also to the H2O maser
emitting disc. The main features of the maps of the stellar kinematic parameters are
well reproduced by a model of a thin rotating stellar circular disc. The supermassive
black hole mass provided by this dynamical modelling (M•(disc) = 2.8 ± 1.0 × 10
7
M⊙) is compatible, at 1σ level, with the precise measurement resulting from the H2O
maser emission.
Key words: galaxies: active – galaxies: individual: NGC 4258 – galaxies: kinematics
and dynamics – galaxies: nuclei – galaxies: Seyfert – techniques: imaging spectroscopy
1 INTRODUCTION
Supermassive black holes (SMBHs) seem to be present at
the centres of all massive galaxies (Kormendy & Richstone
1995; Richstone et al. 1998). Their masses show correlations
with certain parameters of the host galaxy, such as the stel-
lar velocity dispersion of the bulge (the M −σ relation; Fer-
rarese & Merritt 2000; Gebhardt et al. 2000; Gu¨ltekin et al.
2009). Such correlations suggest a coevolution of the SMBH
and of the host galaxy, which makes the determination of
the SMBH mass one of the most relevant analyses, in this
context. On the other hand, it is well accepted that SMBHs
increase their masses by accreting material, during an active
galactic nucleus (AGN) phase. Therefore, the study of the
circumnuclear regions of AGNs is also very important, as
it can reveal details of the feeding process in these objects.
The use of 3D spectroscopy is particularly useful in studies
⋆ E-mail: roberto.menezes@iag.usp.br
involving the determination of the SMBH mass in a galaxy
or the analysis of the circumnuclear region.
NGC 4258 is an SABbc galaxy, classified as Seyfert
1.9 (Ho, Filippenko & Sargent 1997a). van der Kruit (1974)
analysed the ionized gas velocity field of this galaxy, using
optical slit spectra, and found a position angle PAgalaxy =
146◦ for the line of nodes and an inclination igalaxy = 72
◦
for the disc of the galaxy. In a later study, using an H
I velocity field, van Albada (1980) obtained the values of
PAgalaxy = 150
◦ and igalaxy = 72
◦ for these parameters.
More recently, Sawada-Satoh et al. (2007) analysed higher
resolution CO J = 2-1 data and found PAgalaxy = 160
◦
and igalaxy = 65.6
◦.
A peculiar morphological feature of NGC 4258 is its
‘anomalous arms’, which start at the nucleus and seem
to intercept the regular spiral arms of the galaxy. These
structures were first observed in Hα images analysed by
Courte`s & Cruvellier (1961), who noted that they are more
diffuse than normal spiral arms. 1415 MHz radio images
obtained by van der Kruit, Oort & Mathewson (1972) re-
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vealed that the anomalous arms are also strong radio emit-
ters. Many other studies of these features have been made
in the optical (e.g. Burbidge, Burbidge & Prendergast 1963;
Ford et al. 1986; Rubin & Graham 1990; Cecil, Wilson
& Tully 1992; Cecil et al. 2000) and in the radio (e.g.
van Albada & van der Hulst 1982; Hummel, Krause &
Lesch 1989; Cecil et al. 2000; Hyman et al. 2001). The
optical emission line ratios (Cecil, Morse & Veilleux 1995)
of the anomalous arms, together with the X-ray spectro-
scopic properties of this area (Cecil, Wilson & de Pree 1995;
Wilson, Yang & Cecil 2001; Yang et al. 2007), indicate the
presence of shocked gas, with a temperature in the range of
105−107 K. Wilson et al. (2001) proposed that the origin of
the anomalous arms is related to the interaction between the
jets of the AGN in NGC 4258 and the interstellar gas. The
angle between the jets and the rotation axis of the galaxy
is 60◦. The jets shock the gas, generating cocoons of X-ray
emitting hot gas in the circumnuclear region. In farther ar-
eas, the jets drive motions in the low density gas of the
halo, which propagate and encounter the denser gas of the
galaxy’s disc. As a result, a ‘line of damage’, correspond-
ing to the projection of the jets on the disc, is created. In
this scenario, the anomalous arms correspond to this line of
damage created by the jets.
The AGN in NGC 4258 has been observed in many
spectral bands. Using ASCA observations in 2-10 keV,
Makishima et al. (1994) detected a highly obscured nuclear
source, with a luminosity of LX(2 − 10 keV ) = 4 × 10
40
erg s−1. Other ASCA observations showed that the nuclear
X-ray luminosity is actually variable, with time-scales of
years (Ptak et al. 1999; Reynolds, Nowak & Maloney 2000;
Terashima et al. 2002). Young & Wilson (2004) analysed
Chandra data and concluded that the nuclear spectrum of
NGC 4258 can be reproduced by a model with two compo-
nents: a heavily absorbed (NH = 7×10
22 cm−2) hard X-ray
power law, of variable luminosity, and a constant thermal
soft X-ray component. The photon index of the power-law
component is Γ = 1.4.
Wilkes et al. (1995) analysed polarimetric data of NGC
4258 and detected broadened emission lines (∼ 1000 km
s−1) and a faint blue continuum, which can be reproduced
by a power law with a spectral index of α = 1.1± 0.2. This
is consistent with the presence of an obscured AGN in the
nucleus of this galaxy.
The unresolved nuclear source corresponding to the
AGN is also clearly visible in the near-infrared, as noted by
Chary & Becklin (1997), using high-resolution H - and K -
band images obtained with the Keck telescope. The authors
suggest that the detected emission is nonthermal, although
the hypothesis of thermal emission, related to a possible
dust torus, cannot be discarded. The infrared continuum of
this nuclear source can be well reproduced by a power law,
with a spectral index of 1.4 (Yuan et al. 2002). Using high-
resolution infrared images, obtained with the Hubble Space
Telescope (HST ), Chary et al. (2000) obtained a nuclear lu-
minosity of 2× 108 L⊙, in the spectral range of 1 - 20 µm.
The compact nuclear source in NGC 4258 was ob-
served in the radio, with the Very Large Array (VLA), by
Turner & Ho (1994). A jet was also detected, in this spectral
band, in the central region of this galaxy, extending along
the north-south direction. Cecil et al. (2000) analysed 1.46
GHz VLA images and verified that, in scales of 0.3-300 pc,
the jet has a position angle PAjet = −3
◦
± 1◦. In addition,
the authors observed two radio hot spots, located at pro-
jected distances of 840 pc S and 1.7 kpc N from the nucleus.
NGC 4258 is famous by its H2O maser emission from
a geometric thin and nearly edge-on molecular nuclear
disc, which is located between 0.16 and 0.28 pc from
the SMBH (Miyoshi et al. 1995; Greenhill et al. 1995a,b;
Herrnstein et al. 1999). The keplerian rotation curve traced
by this H2O maser emission allows a very precise measure-
ment of the SMBH mass. Using observations taken with the
Very Long Baseline Array, Miyoshi et al. (1995) obtained an
inclination of imaser = 83
◦
±4◦ for the maser emitting molec-
ular disc and a mass of 3.6 × 107 M⊙ for the SMBH. The
position angle of this molecular disc is PAmaser = 86
◦
± 2◦
(Miyoshi et al. 1995), so, in projection, it is almost perpen-
dicular to the radio jet mentioned above. Based on the ob-
served proper motions and accelerations of the maser emis-
sion, Herrnstein et al. (1999) calculated a geometric distance
of 7.2±0.3 Mpc to this galaxy, which also resulted in a more
precise determination for the SMBH mass (3.9 ± 0.1 × 107
M⊙). Herrnstein et al. (2005) applied a maximum likeli-
hood analysis of the positions and velocities of the maser
emission and detected a deviation from Keplerian motion in
the projected rotation curve. The authors presented differ-
ent models capable of explaining this discrepancy, such as
the presence of a central dark cluster of objects or a massive
molecular disc; however, their preferred model assumes that
the maser emitting disc is inclination-warped. This scenario
results in a value of M•(maser) = (3.78 ± 0.01) × 10
7 M⊙
for the SMBH mass. This galaxy, together with a few others
that also have nearly edge-on nuclear maser emitting discs
(Kuo et al. 2011), has the most precise mass determinations
for the central SMBH obtained so far (see Kormendy & Ho
2013 for a review).
Other measurements of the SMBH mass in NGC 4258
have been made in later studies. Siopis et al. (2009), for ex-
ample, using high-resolution images and spectra obtained
with the HST, together with ground-based observations,
applied axisymmetric Schwarzschild models (Schwarzschild
1979) and obtained a value of M• = (3.3±0.2)×10
7 M⊙ for
the SMBH mass. Drehmer et al. (2015) applied anisotropic
and axisymmetric Jeans models (e.g. Cappellari 2008), using
a near-infrared data cube obtained with the Near-Infrared
Integral Field Spectrograph (NIFS), at the Gemini-north
telescope, together with HST and 2MASS images, and ob-
tained a mass of M• = 4.8
+0.8
−0.9 × 10
7 M⊙ for the SMBH.
In this paper, we analyse the emission line properties of
a near-infrared data cube of the central region of NGC 4258,
obtained with NIFS. We also test the validity of the model of
a thin rotating stellar disc to reproduce the observed stellar
kinematics of the data cube and to provide an estimate for
the mass of the SMBH. Since this galaxy has one of the
most precise estimates for the mass of a SMBH, it is a very
suitable target to be used to perform such a methodological
test. This relatively simple model of a thin rotating stellar
disc may be useful in certain situations, especially because it
does not require the assumption of axisymmetry. The data
cube used in this work is actually the same analysed by
Drehmer et al. (2015). However, we focus our analysis on
different scientific aspects. The paper is organized as follows:
in Section 2, we describe the observations, the data reduction
and also the data treatment. In Section 3, we analyse the
c© 2017 RAS, MNRAS 000, 1–??
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Figure 1. Left: integrated flux image of the treated data cube of NGC 4258, with the isocontours shown in cyan. Right: mean spectrum,
over the entire FOV, of the treated data cube of NGC 4258.
emission line spectrum of the data cube. In Section 4, we
present maps of the stellar kinematic parameters and try
to reproduce them with the model of a thin stellar disc, in
order to obtain an estimate for the mass of the SMBH. In
Section 5, we discuss and compare our results with those of
previous studies. Finally, we draw our conclusions in Section
6.
2 OBSERVATIONS, DATA REDUCTION AND
DATA TREATMENT
The raw data of NGC 4258, together with the necessary cali-
brations (flat-field, dark flat-field, Ronchi-flat and arc lamp),
were retrieved from the Gemini Science Archive. The pro-
gramme of the observations is GN-2007A-Q-25 (PI: Storchi-
Bergmann) and the observing date is 2007 April 30. The
observations were taken with NIFS, in association with the
adaptive optics module ALTAIR, mounted at the Gemini-
north telescope. 10 exposures of the central region of NGC
4258, plus 4 sky exposures, with 600 s each, were made in
the K band, with a central wavelength of 2.2 µm. Five 15
s exposures of the A0V standard star HIP 54981 were also
made.
The data reduction was made in IRAF environment,
using the Gemini package. First, the data were trimmed,
sky subtracted and bad pixel corrected. Then, a correction
of gain variations was performed, using the flat-field images,
and a spatial rectification was also applied, using the Ronchi-
flat images. After that, the data were wavelength and flux
calibrated and a telluric absorption removal was performed,
using as a template the normalized median of the spectra
of the observed standard star. Finally, the data cubes were
constructed, with spatial pixels (spaxels) of 0.05 arcsec. The
field of view (FOV) of the reduced data cubes is 3.0 arcsec
× 3.0 arcsec and its spectral coverage is 2.075 - 2.425 µm,
with a spectral resolution (FWHM) of 4.2 A˚ at 2.16 µm.
Using the image corresponding to the blue wing of the broad
component of the Brγ emission line (2.1564 - 2.1608 µm; see
Section 3), we obtained a value of 0.22 arcsec for the FWHM
of the point spread function (PSF) of the observations.
The reduced data cubes were treated with a proce-
dure including: correction of the differential atmospheric
refraction (Filippenko 1982), calculation of the median of
the data cubes, spatial re-sampling followed by an inter-
polation, Butterworth spatial filtering (Gonzalez & Woods
2002) and ‘instrumental fingerprint’ removal. This entire
process was performed using scripts written in Interactive
Data Language (IDL) and is described in further detail in
Menezes, Steiner & Ricci (2014) and Menezes et al. (2015).
The differential atmospheric refraction generates a displace-
ment of the spatial structures along the spectral axis of the
data cube. Although this effect is weak in the infrared, we
verified that the correction procedure results in visible im-
provements in NIFS data cubes. A median of the resulting
data cubes was calculated to correct for remaining bad pixels
and cosmic rays, not removed in the data reduction. After
that, a spatial resampling, together with an interpolation of
the values, was applied in order to obtain spaxels of 0.021
arcsec. This step of the data treatment does not change the
spatial resolution of the observation, but improves the visu-
alization of the contours of the structures. A Butterworth
spatial filtering was then applied to each image of the re-
sampled data cubes to remove high spatial frequency com-
ponents. The last step of the treatment procedure involved
the use of the Principal Component Analysis (PCA) Tomog-
raphy technique (Steiner et al. 2009) to isolate and remove
the instrumental fingerprint, which has a characteristic low-
frequency spectral signature and appears as vertical stripes
across the images of the data cube. Although the origin of
the NIFS instrumental fingerprint is unknown, our approach
involving PCA Tomography has proved to be very effective
in removing this instrumental feature.
The integrated flux image and the mean spectrum, over
the entire FOV, of the treated data cube are shown in Fig. 1.
Prominent CO absorption bands and a weak H2λ2.1218 µm
emission line (corresponding to the ro-vibrational transition
c© 2017 RAS, MNRAS 000, 1–??
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Figure 2. (a) Integrated flux image of the Brγ emission line. (b) Integrated flux image of the H2λ2.1218 µm emission line. (c) A/N ratio
map of the Brγ emission line. (d) A/N ratio map of the H2λ2.1218 µm emission line. (e) RG composite, with reduced FOV, with the
image of the blue wing (2.1564 - 2.1608 µm) of the broad component of Brγ shown in red and the image of the 12CO(2-0) band (obtained
by subtracting the image corresponding to the wavelength interval of the 12CO(2-0) band, 2.2929 - 2.2982 µm, from the image of the
adjacent spectral continuum, 2.2859 - 2.2912 µm) shown in green. The isocontours of the integrated flux images are shown in cyan, while
the isocontours of the 12CO(2-0) band image are shown in black. The position of the AGN, with an uncertainty (1σ) of ∼ 0.03 arcsec, is
marked with a black circle in the integrated flux images. The radius of these black circles represents the uncertainty (1σ) in this position.
c© 2017 RAS, MNRAS 000, 1–??
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Figure 3. Left: spectrum extracted from a circular region, with a radius of 0.2 arcsec, centred on the nucleus of the galaxy (which is
coincident with the position of the AGN). The fit provided by PPXF is shown in red and the fit residuals are shown in green. Right:
Gaussian fits applied to the Brγ emission line detected in the fit residuals shown at left. The green and blue curves represent the narrow
and broad components, respectively, and the red curve corresponds to the final fit. Note that the blue and red curves are coincident in
many areas, indicating that the narrow component is not required to reproduce these parts of the Brγ profile.
1-0S(1)) can be seen in the mean spectrum. The integrated
flux image reveals a compact nuclear emission.
3 ANALYSIS OF THE EMISSION LINE
SPECTRUM
The first goal of this study is to analyse the emission line
spectrum of the data cube of NGC 4258. Using scripts writ-
ten in IDL, we passed the spectra of the treated data cube
to the rest frame, assuming a redshift of z = 0.001494
(NASA Extragalactic Database - NED). We also sam-
pled the redshift-corrected spectra with ∆λ = 1A˚. Af-
ter that, in order to perform the starlight subtraction of
the data, we applied the Penalized Pixel Fitting (PPXF)
(Cappellari & Emsellem 2004), which combines template
spectra from a given base, convolved with a Gauss-Hermite
expansion, to reproduce the stellar spectrum of an object.
The convolution with a Gauss-Hermite expansion has the
purpose of reproducing the widths, shifts (due to the ra-
dial velocity of the object) and also asymmetries of the
observed absorption lines. The base used in this work is
composed of stellar spectra observed with NIFS and is de-
scribed in Winge, Riffel & Storchi-Bergmann (2009). The
PPXF method was applied to the spectrum corresponding
to each spaxel of the data cube. We subtracted the synthetic
stellar spectra provided by the fitting procedure from the ob-
served ones, and obtained a data cube with only emission
lines.
Only two emission lines are visible in the starlight sub-
tracted data cube: H2λ2.1218 µm and Brγ, the latter having
an apparent broad component. Fig. 2 shows integrated flux
images of the two detected emission lines, with isocontours,
and the amplitude/noise (A/N) ratio maps of these lines.
The noise values, required for the calculation of the A/N ra-
tios, were taken as being equal to the standard deviation of
the values of the starlight subtracted spectra in spectral re-
gions adjacent to the emission lines. In order to evaluate the
exact position of the AGN in NGC 4258, we constructed a
red-green (RG) composite, with reduced FOV, with the im-
age of the blue wing (2.1564µm - 2.1608µm) of the broad
component of Brγ in red and the image of the 12CO(2-0)
band (obtained by subtracting the image corresponding to
the wavelength interval of the 12CO(2-0) band, 2.2929 µm
- 2.2982 µm, from the image of the adjacent spectral con-
tinuum, 2.2859 µm - 2.2912 µm) in green. The result, with
the isocontours of the 12CO(2-0) band image, is also shown
in Fig. 2. The image of the broad wing of Brγ indicates the
position of the AGN, while the 12CO(2-0) band image rep-
resents the central part of the stellar bulge. So, based on the
RG composite in Fig. 2, we conclude that the position of the
AGN is essentially coincident with the position of the stellar
nucleus, as expected. The integrated flux images in Fig. 2
reveal that the Brγ and H2λ2.1218 µm emission comes from
a compact region centred on the position of the AGN (co-
incident with the nucleus) of the galaxy. However, the area
corresponding to the H2λ2.1218 µm emission is more elon-
gated along the east-west direction. The A/N ratio of both
emission lines is lower than 10 in most of the FOV, with
maximum values of ∼ 23 and ∼ 14 for Brγ and H2λ2.1218
µm, respectively. The A/N ratio map of the H2λ2.1218 µm
line also shows a diffuse emission northeast from the nu-
cleus. A careful inspection of the starlight subtracted data
cube confirms that Brγ is only visible in the nuclear compact
emitting area, while H2λ2.1218 µm is visible in the nuclear
emitting region and in the diffuse area northeast from the
nucleus.
In order to analyse the nuclear emission in further de-
tail, we extracted the spectrum of a circular region, cen-
tred on the nucleus, with a radius of 0′′.2, from the data
cube before the starlight subtraction. The extracted spec-
trum is shown in Fig. 3, together with the fit provided by
c© 2017 RAS, MNRAS 000, 1–??
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Figure 4. Channel maps of the H2λ2.1218 µm emission line. Each map was constructed with a velocity range of ∼ 40 km s−1. The
numbers above the maps correspond to the average velocities of the intervals used to construct the maps. The position of the AGN is
marked with a black circle.
c© 2017 RAS, MNRAS 000, 1–??
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Figure 5. Example of a Gaussian function fitted to the
H2λ2.1218 µm line of a spectrum in the nuclear emitting region
of the data cube of NGC 4258.
PPXF and the fit residuals. It is easy to see that the syn-
thetic spectrum obtained with PPXF reproduces the con-
tinuum very well and also the absorption features in the
observed spectrum. The H2λ2.1218 µm and Brγ emission
lines are very prominent in the fit residuals. The profile of
Brγ clearly suggests the presence of a broad component.
In order to evaluate that, we fitted the Brγ emission line
in the spectrum in Fig. 3 with a sum of two Gaussian
functions with different velocities and widths. The fit, also
shown in Fig. 3, reproduces, with good precision, the main
properties of the profile of Brγ. The values of the FWHM,
corrected for the instrumental spectral resolution, of the
Gaussians representing the narrow and broad components
of Brγ are FWHMBrγ(narrow) = 260 ± 15 km s
−1 and
FWHMBrγ(broad) = 1600 ± 29 km s
−1, respectively. The
broad component has a velocity of VBrγ(broad) = −156±14
km s−1 relative to the narrow component. The integrated
fluxes of the broad and narrow components of Brγ are
FBrγ(broad) = (6.73 ± 0.27) × 10
−15 erg cm−2 s−1 and
FBrγ(narrow) = (1.11 ± 0.09) × 10
−15 erg cm−2 s−1, re-
spectively. The integrated flux of the H2λ2.1218 µm line in
the same spectrum is FH2 = (1.31± 0.04)× 10
−15 erg cm−2
s−1.
It is well known that diagnostic diagrams with ratios
of the H2 lines can be used to determine whether thermal
or non-thermal processes are responsible for the molecular
emission (Mouri 1994). However, we could not perform such
analysis here, as we detected only the H2λ2.1218 µm emis-
sion line in the data cube of NGC 4258. A diagnostic di-
agram of [Fe II] λ1.4 µm/Brγ × H2λ2.1218 µm/Brγ can
also be used to determine the dominant excitation mecha-
nism (Maiolino et al. 2017) but, since we do not know the
flux of the [Fe II] λ1.64 µm line in the nuclear emitting re-
gion, this analysis was not possible as well. On the other
hand, the H2λ2.1218 µm/Brγ ratio alone may provide, at
least, limited information about this topic. So, we calculated
the H2λ2.1218 µm/Brγ ratio for the nuclear spectrum, after
the starlight subtraction, shown in Fig. 3. Only the narrow
component of the Brγ line, obtained with the Gaussian fit-
ting described before, was taken into account. The obtained
value, H2λ2.1218 µm/Brγ = 1.19±0.11, indicates excitation
by shocks or by an AGN, according to the diagram in Fig. 2
of Maiolino et al. (2017). Considering that this galaxy has a
known AGN, we conclude that AGN excitation is the most
likely mechanism responsible for the molecular H2 emission
detected in this work.
We detected no kinematics associated with the Brγ
emission line. On the other hand, although the H2λ2.1218
µm emitting area is very compact, this line shows a kine-
matic pattern that deserves special attention. We con-
structed channel maps of H2λ2.1218 µm, which are shown in
Fig. 4. The molecular emission with radial velocities between
-209 and -96 km s−1 is located west from the AGN, while
the molecular emission with radial velocities between 130
and 300 km s−1 is located east from the AGN. This kine-
matic behaviour takes place along PAH2 = 91
◦
± 5◦. We
verified that, despite the irregularities and asymmetries of
the H2λ2.1218 µm line, Gaussian fits provide reliable values
for the radial velocity (VH2) of this line (with errors between
5 and 10 km s−1) for A/N ratios higher than 6. Fig. 5 shows
an example of a Gaussian function fitted to the H2λ2.1218
µm line of a spectrum in the nuclear emitting region of the
data cube. We can see that, although the profile of the line
is not exactly reproduced by the Gaussian function, the fit
provides an accurate estimate of the wavelength (and, there-
fore, of the radial velocity) corresponding to the peak of the
line. We constructed a VH2 map, using the VH2 values ob-
tained with Gaussian fits of this line, but only taking into
account the FOV within a radius of ∼ 0′′.2 from the nucleus.
The reason for this reduced FOV is that the radial velocity
values in other areas of the FOV were not reliable (due to
the low A/N ratios and the irregularities of the line). We
assumed that VH2 = 0 km s
−1 at the position of the AGN.
In other words, the radial velocities were obtained relative
to the AGN. The VH2 map, shown in Fig. 6, reveals a mor-
phology consistent with a rotating disc around the nucleus.
The PA of the line of nodes of the VH2 map is 93
◦
±6◦, which
is compatible, at 1σ level, with the PA resulting from the
analysis of the channel maps. We extracted a curve, from the
VH2 map, along the axis corresponding to the line of nodes.
The curve, shown in Fig. 6, has an amplitude of 120 km s−1
and shows a pattern indicative of rotation around the nu-
cleus. In addition, an asymmetry between the regions with
positive and negative values can also be noted. This may in-
dicate that the corresponding molecular disc is eccentric. A
velocity dispersion map of the H2λ2.1218 µm line could help
to evaluate this hypothesis; however, due to the asymmetries
and irregularities of this line, the velocity dispersion values
provided by the Gaussian fits were not reliable enough to be
analysed in this work. A dynamical modelling of this molec-
ular disc could also help to evaluate this hypothesis and
could provide important parameters such as the inclination
of the disc. Unfortunately, the number of resolution elements
within the area corresponding to the molecular disc is very
small, which makes any dynamical modelling too uncertain
to be included in this work.
The analysis of the H2 kinematics in other areas of the
FOV is more complicated, as the H2λ2.1218 µm line was not
clearly detected there (with the exception of the diffuse area
northeast from the nucleus). Nevertheless, we performed a
spatial binning in the data cube, in order to increase the
c© 2017 RAS, MNRAS 000, 1–??
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Figure 6. Left: VH2 map of the data cube of NGC 4258, with reduced FOV. The VH2 values are in km s
−1. Areas with A/N ratios of
the H2λ2.1218 µm line lower than 6 were masked. The black cross corresponds to the position of the AGN. Right: VH2 curve extracted
along the line of nodes of the map shown at left.
size of the spaxels and also the A/N ratios of the H2λ2.1218
µm line. However, even with spaxels of 0.3 arcsec, the A/N
ratios of this line remained lower than 6 in most of the FOV.
As a consequence, we were not able to perform a reliable
analysis of the H2 kinematics in areas located farther from
the nucleus.
4 ANALYSIS OF THE STELLAR DISC
As already discussed before, since NGC 4258 has the SMBH
with one of the most precise mass determinations, it is the
ideal target to test the reliability of different methods used
to estimate the SMBH mass. So, we applied the model of a
thin rotating stellar disc, superimposed to a bulge compo-
nent, to our data cube of NGC 4258, in order to reproduce
the observed stellar kinematic parameters and to evaluate
the precision of the SMBH mass obtained with this proce-
dure. This model was chosen due to its simplicity and com-
patibility with the observed stellar radial velocity map (V∗
map, see Fig. 7), which certainly suggests the presence of
a rotating disc. It is important to emphasize, however, that
our purpose here is not to try to obtain necessarily a more
precise estimate for the SMBH mass in NGC 4258 than those
of previous works. Our main goal here is only to test the re-
liability of our method, which, despite its simplicity, has the
advantage of not requiring axysimmetry and being applica-
ble to asymmetric nuclear regions (with eccentric discs, for
example). See more details in Section 5.
Besides a synthetic stellar spectrum, the PPXF method
(discussed in Section 3) also provides, for an observed spec-
trum, the values of V∗, the stellar velocity dispersion (σ∗)
and the Gauss-Hermite coefficients h3 and h4. Since this pro-
cedure was applied to the spectrum corresponding to each
spaxel of the data cube of NGC 4258, we obtained maps
of these kinematic parameters. We also extracted curves of
these maps along an axis corresponding to the line of nodes
of the V∗ map. All these results are shown in Fig. 7. The
only exceptions are the map and curve of h4, which are
quite noisy, do not show clear structures and, because of
that, were not included in this study. Since we are more in-
terested in the stellar kinematics close to the SMBH and
also considering the lower signal-to-noise (S/N) ratio val-
ues in the most peripheral areas of the FOV, we decided to
analyse only the stellar kinematics in the inner 2 arcsec2.
We assumed that the centre of the V∗ map, with V∗ = 0 km
s−1, corresponds to the position of the nucleus. Therefore,
the V∗ map in Fig. 7 shows the radial velocities relative to
the AGN. The uncertainties of the values were obtained by a
Monte Carlo procedure. We constructed, for each spectrum,
a histogram of the values in certain areas without emission
lines. This process was applied to the starlight subtracted
spectra. After that, Gaussian functions were fitted to these
histograms and Gaussian distributions of random numbers
(random noise), with the same standard deviations of the
Gaussians fitted to the histograms, were generated. These
distributions of random noise were sequentially added to the
synthetic stellar spectra corresponding to the fits obtained
with the PPXF. In other words, for each spaxel of the data
cube, we created a number of spectra with random noise,
corresponding to the sum of the synthetic stellar spectrum
provided by the PPXF and random noise distributions. Fi-
nally, the PPXF was applied to all the spectra with random
noise and the uncertainty of a given kinematic parameter
for each spaxel was taken as the standard deviation of the
values obtained with all these PPXF fits.
The map and curve of V∗ show a symmetric rotation
pattern around the nucleus, with velocity moduli lower than
70 km s−1. The PA of the line of nodes is PAV∗ = −35
◦
±5◦.
The map and curve of σ∗ reveal a peak in a position coin-
cident with the nucleus, with a value of σ∗(peak) = 190 km
s−1. The h3 map is considerably noisier than the previous
two, but we can see an anticorrelation between the maps
and curves of V∗ and h3. The latter show values with mod-
uli lower than 0.14. Fig. 8 shows a S/N ratio map of the
wavelength interval 2.236 - 2.259 µm. The values are higher
than 30 in most of the FOV, and even higher than 200 close
to the nucleus, indicating that the structures observed in
the maps of the kinematic parameters are reliable. As ex-
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Figure 7. Observed and simulated stellar kinematic maps of the data cube of NGC 4258. The simulated maps were obtained with a
model of a thin rotating stellar circular disc around the SMBH. The residual maps reveal the good agreement between the observed and
simulated parameters. The curves extracted from the observed maps, along the axis corresponding to the line of nodes of the V∗ map, are
also shown. Superposed to these observed curves are the simulated ones, shown in red, which were extracted from the simulated maps,
along the same axis.
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Figure 8. S/N ratio map of the wavelength interval 2.236 - 2.259
µm, with the same FOV of the data cube used to perform the
dynamical modelling.
pected, all these results are consistent with those obtained
by Drehmer et al. (2015), who analysed the stellar kinemat-
ics of the same data cube used here and applied a dynamical
modelling using the Jeans method.
The model we used to reproduce the maps of V∗, σ∗ and
h3 assumes a thin rotating stellar disc around the SMBH,
located at the position of the nucleus. The fact that the
V∗ map is symmetric and that σ∗(peak) is coincident with
the nucleus suggests that such rotating disc is circular, so
only circular orbits were considered in the model. The same
model was used in Menezes & Steiner (2015); however, in
that case, the modelled stellar disc was eccentric, as some of
the observed features, such as an asymmetric V∗ map and an
off-centred σ∗(peak), could not be reproduced by a model of
a circular disc. The main steps of this dynamical modelling
are as follows.
• Superimposition of 122 concentric circular orbits, tak-
ing as free parameters the mass of the SMBH (M•(disc))
and the inclination of the disc (idisc). The stellar mass within
each orbit was calculated using an HST image of this galaxy
(retrieved from the HST data archive), obtained with the
Wide Field Camera 3 in the F814W filter (I band). This
image was decomposed into a symmetric component, which
corresponds to the central part of the stellar bulge, and an
asymmetric one, corresponding to the stellar disc. The best
decomposition was obtained assuming a symmetric compo-
nent given by a Se´rsic profile, with a Se´rsic index of 2.0. The
original HST image and the result of this decomposition are
shown in Fig. 9. The symmetric component was deprojected,
using a Multi-Gaussian Expansion (Cappellari 2002), which
resulted in a luminosity density profile (in LI⊙/pc
3). With
all these data, the stellar mass was determined assuming a
mass-to-light ratio in the I band (M/LI), which is another
free parameter of the model.
• Projection of the velocities obtained for all the con-
centric orbits on the plane of the sky, which resulted in a
synthetic velocity map.
• Construction of two synthetic data cubes. The first rep-
resents the central part of the stellar bulge, while the sec-
ond represents the stellar disc. Both data cubes were con-
structed using a representative spectrum, in the range of
2.255 - 2.389 µm, given by the fit provided by PPXF applied
to the mean spectrum of the data cube of NGC 4258, with
the template spectra not convolved with a Gauss-Hermite
expansion. The purpose of fitting the mean spectrum of the
data cube, without convolving the template spectra with
the Gauss-Hermite expansion, is to obtain a representative
stellar spectrum with no broadening or asymmetries in the
absorption lines. The data cube corresponding to the stellar
disc contains the representative spectrum shifted according
to the radial velocity values of the synthetic velocity map ob-
tained above. On the other hand, all the spaxels of the data
cube corresponding to the central part of the bulge contain
the representative spectrum, with a radial velocity equal to
0 km s−1. The spectra of the disc and bulge synthetic data
cubes were convolved with estimates of the stellar velocity
dispersions of the disc (σd) and of the bulge (σb), respec-
tively, which are also free parameters in this model.
• Combination of the bulge and disc synthetic data cubes.
This procedure was performed using the symmetric and
asymmetric components obtained from the decomposition
of the HST image to determine the relative weights between
the spaxels of the two synthetic data cubes.
• Convolution of all images of the combined synthetic
data cube with an estimate of the PSF of the observation.
• Application of the PPXF method to the synthetic data
cube, in order to obtain the simulated maps of the kinematic
parameters.
The free parameters of our model are M•(disc), idisc,
M/LI , σd and σb. Such parameters were varied and the
procedure mentioned above was repeated, in order to
minimize the total χ2 (χ2T ; Menezes & Steiner 2015), given
by
χ2T =
( 1
Min(χ2
V∗
)
)∗χ2V∗
+( 1
Min(χ2σ∗
)
)∗χ2σ∗
+( 1
Min(χ2
h3
)
)∗χ2h3
( 1
Min(χ2
V∗
)
)+( 1
Min(χ2σ∗
)
)+( 1
Min(χ2
h3
)
)
,
(1)
where χ2V∗ , χ
2
σ∗ and χ
2
h3
are the values of the χ2 obtained
for the maps of V∗, σ∗ and h3, respectively, and Min(χ
2
V∗ ),
Min(χ2σ∗) and Min(χ
2
h3
) are the minimum values found for
χ2V∗ , χ
2
σ∗ and χ
2
h3
, respectively.
The definition of the χ2 of a given parameter A is
similar to the one adopted in Menezes & Steiner (2015):
χ2A =
1
I
∑Nx
i=1
∑Ny
j=1
Iij ·(Aij(observed)−Aij(simulated))
2
σ2
Aij
.
(2)
In the equation above, Aij(observed) and Aij(simulated)
are the values of the observed and simulated maps of A,
respectively, at the spaxel (i, j), I is the integrated flux of
the data cube, Iij is the integrated flux of the spectrum
corresponding to spaxel (i, j) of the data cube, σAij is the
uncertainty of the parameter A∗ at the position correspond-
ing to spaxel (i, j), Nx is the number of spaxels along the
horizontal spatial axis and Ny is the number of spaxels along
the vertical spatial axis.
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Figure 9. Left: symmetric component (representing the central part of the stellar bulge) of the I -band HST image of NGC 4258,
corresponding to a Se´rsic profile with an index of 2.0. Centre: asymmetric component (representing the stellar disc) of the I -band HST
image of NGC 4258, obtained by subtracting the symmetric component from the original image. Right: original I -band HST image of
NGC 4258. All the images have the same FOV of the NIFS data cube used to perform the dynamical modelling.
The simulated maps of V∗, σ∗ and h3 provided by the
best obtained model, together with the simulated curves ex-
tracted, from these maps, along the line of nodes, are shown
in Fig. 7. In order to make easier to evaluate the agreement
between the observed and modelled data, we also included
residual maps, corresponding to the difference between the
observed and simulated kinematic maps, in Fig. 7. Most of
the simulated V∗ curve is compatible with the observed V∗
curve, at 1σ or 2σ levels. The residual map of V∗ reveals cer-
tain discrepancies in areas north and east from the nucleus,
where the simulated values are significantly lower than the
observed ones. It is not clear whether these patterns in the
residual map are due to limitations of the model or due to
irregularities in the observed V∗ map, possibly related to
imprecisions of the PPXF method. Despite these discrepan-
cies, however, the model reproduced very well the observed
V∗ map. The main properties of the observed σ∗ map were
also well reproduced by the model. Again, most of the simu-
lated σ∗ curve is compatible with the observed points, at 1σ
or 2σ levels. The main discrepancy, in this case, occurs in a
small area ∼ 0.35 arcsec southwest from the nucleus, where
the simulated values are clearly higher than the observed
ones. Since the S/N ratios in this region are higher than
100, the parameters provided by the PPXF method there
are probably reliable; therefore, we believe that the observed
discrepancies are due to limitations of our model. Although
the observed h3 map is noisier than the others, the main pat-
tern of the map, which shows an anti-correlation with the
V∗ map, was reproduced by the model. The residual map of
h3 does not show relevant patterns or structures.
The parameters of the best obtained model, with χ2T =
1.88, are shown in Table 1. The uncertainties of these pa-
rameters were estimated using the same procedure described
in de Rosa et al. (2011). First, we plotted an histogram for
each parameter, but only taking into account parameters
of the models with χ2T − χ
2
min < 1. After that, Gaussian
functions were fitted to each one of the histograms and the
square deviations of these Gaussians were taken as the un-
certainties of the parameters.
Table 1. Parameters of the best model obtained to reproduce
the maps of the stellar kinematic parameters of the data cube of
NGC 4258.
Parameter Value
M•(disc) (2.8 ± 1.0)× 107M⊙
idisc 42
◦ ± 4◦
M/LI 2.0± 0.5
σd 80 ± 2 km s
−1
σb 223 ± 14 km s
−1
5 DISCUSSION AND COMPARISON WITH
PREVIOUS STUDIES
The analysis of the emission line spectrum and of the stellar
kinematics in the NIFS data cube of the central region of
NGC 4258 revealed relevant information about this object.
The fact that we detected a broad component in the Brγ
emission line is consistent with the classification of Seyfert
1.9 of this galaxy, given by Ho et al. (1997a). Actually,
Ho et al. (1997b) fitted the [N II] λλ6548, 6583 + Hα lines
with a sum of Gaussian functions and detected a broad com-
ponent of Hα, with FWHMHα ∼ 1700 km s
−1, which is
very similar to the value of FWHMBrγ(broad) = 1600± 29
km s−1, obtained in this work for Brγ. The consistency be-
tween these values suggests that the broad component of
Brγ detected here is real and not the result of possible im-
precisions of the starlight subtraction. Wilkes et al. (1995)
also detected broad lines in NGC 4258, but in polarized
light. However, as already pointed out by Ho et al. (1997b),
the broad lines observed by Wilkes et al. (1995) have only
FWHM ∼ 1000 km s−1 and both permitted and forbid-
den emission lines have this width in polarized light. There-
fore, the broad components detected by us and by Ho et al.
(1997b), probably associated with the broad-line region of
the AGN, are different from the broad lines observed by
Wilkes et al. (1995).
As mentioned in the introduction, the H2O maser emit-
ting disc in this galaxy is located between 0.16 and 0.28
pc from the SMBH (Miyoshi et al. 1995; Herrnstein et al.
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Figure 10. RB composite image, with reduced FOV, of the
H2λ21218 µm emission line of the data cube of NGC 4258, af-
ter the starlight subtraction. The blue and red colours represent
the radial velocity ranges of -245 km s−1 to -47 km s−1 and 52
km s−1 to 250 km s−1, respectively. The white line indicates the
direction of the inner radio jet in this galaxy (Cecil et al. 2000),
while the green cross corresponds to the position of the AGN.
1999). The kinematics of the H2λ2.1218 µm emission line
detected in this work suggests the presence of a rotating
molecular disc located farther from the central SMBH than
the maser emitting disc. A superior limit for the diameter
of this H2 emitting disc is 0
′′.45 (which is equivalent to 15.7
pc) and, considering the H2λ2.1218 µm/Brγ ratio, AGN ex-
citation is the dominant mechanism in this area. The PA
of the line of nodes of the VH2 map (93
◦
± 6◦) is com-
patible, at 1σ level, with that of the maser emitting disc
(PAmaser = 86
◦
±2◦). This is evidence that the H2 emitting
disc detected in this work is an extension of the inner maser
emitting disc. All these rotating molecular structures are,
in projection, almost perpendicular to the inner radio jet of
this galaxy (with PAjet = −3
◦
±1◦). The orientation of the
radio jet, relative to the molecular disc, is illustrated in the
red-blue (RB) composite image, with reduced FOV, of the
H2λ2.1218 µm emission line shown in Fig. 10. This scenario
is consistent with the idea of the radio jet being collimated
by a nearly edge-on inner accretion disc, which is copla-
nar with the rotating molecular outer structures around the
SMBH. It is worth mentioning that the PA of the observed
inner H2 disc is not compatible, even at 3σ level, with the
PAs of the outer gas discs obtained by van der Kruit (1974)
(PAgalaxy = 146
◦), by van Albada (1980) (PAgalaxy =
150◦) and by Sawada-Satoh et al. (2007) (PAgalaxy = 160
◦,
indicating a misalignment between the inner and outer gas
discs in this galaxy.
The model of a thin stellar circular disc reproduced the
main features of the V∗, σ∗ and h3 maps. The SMBH mass
resulting from this procedure (M•(disc) = 2.8 ± 1.0 × 10
7
M⊙) is compatible, at 1σ level, with the most precise deter-
mination of the SMBH mass in this galaxy (M•(maser) =
3.78±0.01×107 M⊙; Herrnstein et al. 2005), obtained from
the measurements of the rotation curve traced by the H2O
maser emission, assuming an inclination-warped disc. This
certainly indicates that, although somewhat simplistic, our
model can provide a reliable estimate for the mass of the
SMBH in a galaxy. Our value of M•(disc) is also compati-
ble, at 1σ level, with the masses of the SMBH in NGC 4258
determined by Siopis et al. (2009) (M• = 3.3 ± 0.2 × 10
7
M⊙) and by Drehmer et al. (2015) (M• = 4.8
+0.8
−0.9 × 10
7
M⊙).
The PA of the line of nodes corresponding to the stel-
lar disc in the data cube (PAV∗ = 145
◦
± 5◦) is compat-
ible, at 1σ level, with the PA of the line of nodes of the
outer ionized gas disc (PAgalaxy = 146
◦) and of the outer
H I disc (PAgalaxy = 150
◦), observed by van der Kruit
(1974) and van Albada (1980), respectively. The PAV∗ value
is also compatible, at 3σ level, with the PA of the line of
nodes of the outer CO disc (PAgalaxy = 160
◦), observed by
Sawada-Satoh et al. (2007). On the other hand, the inclina-
tion of the stellar disc obtained by us (idisc = 42
◦
± 4◦)
is not compatible, even at 3σ level, with the inclination
of the outer gas discs determined by van der Kruit (1974)
(igalaxy = 72
◦), by van Albada (1980) (igalaxy = 72
◦) and
by Sawada-Satoh et al. (2007) (igalaxy = 65.6
◦). This cer-
tainly suggests a misalignment between the inner stellar disc
and the outer gas dics. The PAV∗ value is not compatible,
even at 3σ level, with the PA of the molecular H2 disc ob-
served in this work (PAH2 = 91
◦
±5◦), which indicates that
the inner molecular H2 disc (and, consequently, the maser
emitting disc, which is co-aligned with the H2 disc) and the
stellar disc are also misaligned.
A kinematic decoupling between the stellar and gas
components has been observed in many galaxies (Sarzi et al.
2006; Davis et al. 2011; Katkov, Sil’chenko & Afanasiev
2014). Due to angular momentum conservation, gas re-
sulting from internal processes, such as stellar mass loss,
would probably be kinematically aligned with the stars
(Davis et al. 2011). Therefore, the misalignment between
the kinematics of the gas and of the stars is usually inter-
preted as being due to external processes (e.g. mergers, cold
accretion from the intergalactic medium). The gas provided
by external processes should, with time, relax into one of
the rotation axes of the galaxy and become co- or counter-
rotating with the stars. However, van de Voort et al. (2015)
determined, in a theoretical study, that the gas disc can
remain misaligned with the stellar disc for a few Gyr. As
a consequence, the detection of misaligned stellar and gas
discs in galaxies is not unexpected.
As already discussed in Menezes & Steiner (2015),
there are more detailed dynamical models, such as the
Schwarzschild method (Schwarzschild 1979) and the Jeans
method (described by Cappellari 2008), that can be used
to reproduce the stellar kinematic properties and to esti-
mate the SMBH mass. In the case of the Schwarzschild
method, the gravitational potential is determined, based on
the brightness profile of the galaxy, and then a superposi-
tion of orbits (from an orbit library) is performed, in order
to reproduce the observed kinematics. On the other hand,
the Jeans method uses the solution of the Jeans equations
to determine the gravitational potential and to reproduce
the kinematics around the SMBH. The former method usu-
ally involves the assumption that the galaxy is axisymmet-
ric or triaxial, while the latter normally assumes axisym-
metry. A good way to compare the model of a thin rotat-
ing disc with more general and detailed approaches, such
as the Schwarzschild and Jeans methods, is to discuss, in
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detail, the pros and cons of each one. One of the main
pros of the Jeans method is its easy way to deal with the
Jeans equations (especially when axisymmetry is assumed).
In addition, this approach requires only the knowledge of
the first two moments of the velocity distribution. On the
other hand, one of the cons of the Jeans method is that it
can result in a negative distribution function of the stars,
which, of course, does not correspond to a physical situa-
tion. Besides that, the restrictive hypothesis of axisymme-
try is also a con, as this assumption is not valid for asym-
metric nuclei. A good example is the nucleus of M31 (the
Andromeda galaxy), which has an eccentric rotating stel-
lar disc around the SMBH. Such eccentric disc results in
a double nucleus (Tremaine 1995; Peiris & Tremaine 2003;
Salow & Statler 2004). The Jeans method, with the assump-
tion of axisymmetry, cannot be applied to this object. In
Menezes, Steiner & Ricci (2013), we discovered an eccen-
tric Hα emitting disc in the nuclear region of M31. With
our thin-disc model, we reproduced the main aspects of its
kinematics and obtained a SMBH mass (5.0+0.8
−1.0 × 10
7 M⊙)
compatible, at 1σ level, with the most precise estimates re-
sulting from the modelling of the eccentric inner stellar disc
in this galaxy (Salow & Statler 2004). In Menezes & Steiner
(2015), we also detected an eccentric stellar disc around the
nucleus of M104 (the Sombrero galaxy). Therefore, simi-
lar to M31, we could not apply the axisymmetric Jeans
method to the nuclear region of M104, but the estimate
for the SMBH mass we obtained with our thin-disc model
(9.0 ± 2.0 × 108 M⊙) was compatible, at 1σ or 2σ lev-
els, with the estimates obtained by many previous stud-
ies (Kormendy 1988; Emsellem et al. 1994; Kormendy et al.
1996; Jardel et al. 2011; Magorrian et al. 1998). It is worth
mentioning that our thin-disc model also provided reliable
estimates for the eccentricities of the rotating discs in the
nuclear regions of M31 and M104.
The pros of the Schwarzschild method are as follows:
it is applicable to a greater variety of possible geometries
(such as triaxiality, although most studies still consider ax-
isymmetry), it ensures a positive distribution function and
it is less subject to systematic errors. On the other hand,
this method is computationally expensive and, due to its
complexity, may be subject to some degeneracies and diffi-
culties for the convergence. This may be particularly prob-
lematic for asymmetric nuclei. The Schwarzschild method
has already been applied, for example, to the double nu-
cleus of M31 (Sambhus & Sridhar 2002); however, the stellar
kinematics was not properly fitted, which reflects the diffi-
culty of applying the Schwarzschild method to a complex
area as the nuclear region of M31. It is important to em-
phasize that the degeneracies and problems of convergence
of the Schwarzschild method do not invalidate or compro-
mise previous results obtained from successful applications
of this method, but only can make it difficult to apply the
method in certain situations, such as asymmetric nuclear
regions (possibly containing eccentric stellar discs).
As mentioned before, one of the pros of the thin-disc
model is the fact that it does not require assumptions about
the geometry, such as axisymmetry. Its simplicity also makes
it less subject to degeneracies and problems of convergence.
Considering that, we can say that the main advantage of this
method is its applicability to complex and asymmetric sys-
tems, which can be more difficult to be modelled using more
general and detailed methods. Another pro of the thin-disc
model is the values of σ∗ obtained separately for the disc
and for the inner part of the bulge, which can be useful in a
variety of studies about the influence of the central SMBH
on these values of σ∗. A con of the thin-disc model is cer-
tainly the larger uncertainty obtained for the mass of the
SMBH, although the result obtained in this work, and also
in previous works (Menezes et al. 2013; Menezes & Steiner
2015), is compatible with those obtained with more detailed
models, at 1σ or 2σ levels. Another con (probably the most
important) of our model is the assumption of a thin disc,
instead of a thick one, which may not be appropriate in
some situations. However, even in such cases, the model of a
thin disc may be sufficient to reproduce the main aspects of
the maps of the kinematic parameters (such as V∗ and σ∗)
and also to provide a reliable estimate for the SMBH mass.
When the observed rotating disc is not sufficiently thin, the
discrepancies relative to the model are more evident when
the disc is nearly edge-on and in areas located farther from
the plane of the disc. This was the case for the nuclear region
of M104 (Menezes & Steiner 2015). Even so, as mentioned
before, the SMBH mass resulting from our model was con-
sistent with the values obtained by previous works.
The use of a model with a thin rotating disc can be at-
tempted every time the velocity map of the nuclear region of
a galaxy reveals a pattern consistent with rotation. Possible
discrepancies between the modelled and observed values (es-
pecially if the disc is approximately edge-on) may indicate
that the disc is not sufficiently thin to be reproduced by this
model. However, even in these cases, this model will prob-
ably be able to reproduce the main aspects of the maps of
the kinematic parameters and also to provide a reliable value
for the SMBH mass. On the other hand, there is no doubt
that the higher precision of the results obtained with other
procedures, such as the Schwarzschild method, is a very im-
portant point that must be taken into account. Considering
all of that, we believe that, whenever possible, more gen-
eral and detailed methods should be attempted, especially
when the hypothesis of axisymmetry is adequate. However,
in more complex situations or when convergence problems
make it difficult to obtain a result, simpler procedures, such
as the thin-disc model, should be used, as they will provide
reliable results as well.
6 SUMMARY AND CONCLUSIONS
We analysed the emission line properties and also the stel-
lar kinematics in a data cube of the central region of NGC
4258, obtained, in the K band, with NIFS at the Gemini-
north telescope. The main conclusions of this work are the
following.
• The nuclear spectrum, after the starlight subtraction,
reveals only the H2λ2.1218 µm and Brγ emission lines.
Gaussian fits applied to Brγ show a broad component with
FWHMBrγ(broad) = 1600±29 km s
−1, which is consistent
with the classification of this galaxy as Seyfert 1.9 (Ho et al.
1997a).
• The Brγ emission line does not show any apparent
kinematics. However, the kinematics of H2λ2.1218 µm in-
dicates the presence of a rotating molecular disc, with a
superior limit for its diameter of 15.7 pc. The consistency
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between the PA of the line of nodes of this possible disc
(93◦ ± 6◦) and that of the inner H2O maser emitting disc
(PAmaser = 86
◦
± 2◦) suggests that the former structure is
an extension of the latter.
• The inner radio jet in NGC 4258 (Cecil et al. 2000) is, in
projection, almost perpendicular to the H2O maser emitting
disc and to the H2 emitting structure detected in this work,
which is consistent with the idea of such radio jet being
collimated by a nearly edge-on inner accretion disc copla-
nar with the rotating molecular outer structures around the
SMBH.
• The model of a thin stellar circular disc reproduced the
main features of the V∗, σ∗ and h3 maps. In addition, the
SMBH mass obtained with this model (M•(disc) = 2.8 ±
1.0× 107 M⊙) is compatible, at 1σ level, with the estimate
provided by the measurements of the H2O maser emission
(M•(maser) = 3.78±0.01×10
7 M⊙; Herrnstein et al. 2005),
which is one of the most precise mass determinations for a
SMBH in a galaxy.
• Based on the results provided by the dynamical mod-
elling and also on the results obtained in Menezes et al.
(2013) and Menezes & Steiner (2015), we conclude that the
relatively simple model of a thin rotating disc can provide
a reliable estimate for the mass of the SMBH in a galaxy.
Such procedure can be attempted when a pattern of rota-
tion is detected around the nucleus of a galaxy and it may
be especially useful to analyse complex and asymmetric nu-
clei, where more detailed and general methods may not be
applicable.
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